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ABSTRACT

Wen introducing product oriented work
breakdown techniques as the means of
defining work within a shipyard, it is

wort hwhi | e considering the use of cnputers
and how they may be utilised to inprove the
success of this task. This document
addresses experiences gained and reflects on
the systems in place in sone of the
shipyards within the United Kingdom

| NTRODUCI TON

Mdern and effective shipbuilding requires
close control of mterial and |abour at each
stage of the process that begins at
pre-contract specification snd continues
through commissioning such a high degree
of control and the ready access to
informtion that is required to meet that
objective can be achieved by the
inltro_duction of an integrated conputer based
sol ution.

The conputer industry has attenpted over the
years to provide a material and |abour
control solution for manufacturing based
industries and some success has been
achieved where the design, naterial
procurement and manufacturi ng schedul e are
stable and the product well defined. This
environment does not prevail however in
shipbuilding and a ditferent style of
corglutlng system nust be nade available to
address project based manufacturing.

The initial design of a conplex product such
as a ship is comonly undertaken by using a
szstem by system approach. This ensures
that the final product will perform to
specification. Production, which
traditionally followed the same system
oriented approach, now utilises a  product
oriented work breakdown structure which
crosses these traditional boundaries. This
product oriented organisation of work is
required in order to reduce time scales,
constrain costs and utilise a work force
mre effectively.

This reorganisation of the production
process does not fundarmentslly change the
nature of the continuing design process

which is characterised by continual
iteration and refinement. In industries
where the design process ny be conpl et ed
before procurement and preduction commence
this is of little consequence. In present
day shipbuilding however, tinme and cost
Constraints necessitate the overlapping of
these processes. This has a mejor effect on
the nature of any system which can .
successfully control “the entire process, in
t hat earlf;]/ estimates of mterial required
will be changed in the light of nore
detailed design.

The effect of such changes nust be
automatically highlighted to the relevant
departnents "to ensure appropriate
modifications to procurnment and indeed to
work processes take place.

Gven that the case for the use of computer
systems in shipbuilding can be made, then the
introduction of these systems can be of benefit
when coupled with the change from a

traditional shipbuilding approach to the
increasing use of group technol ogy,
associated product work breakdown

organisation of work and the introduction of
mxed disciplines in conposite labour
groups. This  change brings with it problem
wthin the shipyard in being able to
physical l'y reorganise the shipyard where
appropriate, ensure that the work force
understands the new organisation of work
and, nost inportantly, still achieve
contract tinescales.” As an}/ shipyard that
has undertaken this t Fe of program clearly
understands, the problens retraining
personnel and coordinating the introduction
of this work organisation are daunting.

Amost unavoidable in this scenario is the
introduction of new coding schemes to
identify the revised method and sequence of
manuf act ure, asseanY and installation.
Wile the actual selection of coding schemes
that reflect this requirement is in itself a
difficult task, the subsequent rmethod
enployed to introduce these codes to the
work force is of paramount inportance. This
probl em has been overcome in part by the use
of conputer systems and the discipline they



can bring to the use of coding conventions.
The problem is then restricted, to a large
extent, to the department who nust initially
introduce a code or its application for a
contract. The conputer systemis then
required to inpart this code and associated
information in a meaningful mnner to
subsequent and dependent personnel so that
theY do not have to understand the
inplications of a code beyond their use of
that code.

It becomes apparent then, that programs for
training personnel in the ways of group
technol ogy should be coordinated with the

definition and introduction of conputer
systens to assist this process.
Additionally the level of management

informtion required to effectively operate
these prograns can also be identified and

addressed at the same tine by the system to
be introduced.

The criteria outlined above may be used to
evaluate the applicability of "available

I he applicability of "availabl
packaged sy{stems to the shipbuilding
process. The reminder of this docunent
addresses the principal elements of .
shlpbwldlngi technology with production in
nind and also addresses the experiences
gained in preparing a computer system
package to support the introduction of that
technol ogy.

At the outset of the change from traditional
to product oriented shipbuilding a Package
capable of handling the process inplicit
within shipbuilding was not readily
available.  Packages that were avallable and
where initial efforts at inplementation of
these had alreadi/ been made, proved too
rigid in the relationships between design,
procurement and production. As a result the
effort to modify these systems to the
SEecific needs of shipbuilding and
thereafter mintain these systens through
the introduction of a revised method of
working negated the benefit of the
traditional package sol utions.

Mre inportantly, any system to be
introduced had ‘to be capable of supporting a
shipyard's requirement through the
transition from traditional to interim
product oriented organisation of work.

This, in terms of conputer systens, means
that the system must have a flexible design
and provide a rapid devel opment process in
terms of database and program nmodification.
Wile this definition of what a conputer
system should be is widely considered as an
ideal in this case it was considered
mandatory. This requirenent of a conputer
system was recognised very early in the
overal| initiative to support the step by
step approach undertaken in the introduction
of ~shipbuilding technology and the varying
pace at which individual " shipyards or
departments could progress in the adoption
of new working and organisational practices.

The conputing solution to this problem lies

in the use of 'fourth generation |anguages'
where the ease of nodification of data and
the rate of program devel opment nost closely
meet the criteria established. Vhile the
process of determining the content of any
proposed si/stem does not change
significantly, the Prpductivi.ty. of data
processing personnel in providing the system
once it is defined, is 1ncreased
considerably.  Added to this factor is the
ability when using fourth generation

| anguages, to produce and agree within
acceptable tine frames and costs a prototype
version of a system This initial

conversion of a specification into a system
that covers the main topics of the system
function can be viewed and critiqued by a
prospective user. This serves to elininate
many ms-interpretations of the witten
specification sonetimes apparent only during
inplementation and contributes significantly
to the acceptance and use of the system by
the work force.

It is when a system has been defined and
witten and i s subsequently being
inplemented that difficulties traditionally
arise. \hat may have been considered a
preferential method has now changed or, as
Is the case when change of the scale made in
converting from traditional to product
oriented build, separate functional
departnments within a shipyard progress at
different rates. The timescale for a DP
departnment to react to these changes when
using fourth generation languages can be
measured in days rather than weeks or even
nonths as has been the case for DP in the
Fast. Thus by using a fourth generation
anguaFe the ability is present to produce a
flexible design and to support a shipyard
through the stages of introduction of new
work organisation.

For the purposes of this document the
following topics are those | see as forming
the basis of an integrated system in support
of shipbuilding technol ogy.

Requi si tioning

Pur chasi ng

Recei vi ngo

Stores ntrol

Product Definition
Product Breakdown
Wrk Packagi ng

Labour and Material Cost
Invoice O earance
Manufacturing Demand
Marshal |ing and |ssue
Production Feedback

Cont rol

Planning systens, CAD'CAM systens, finance

sh/stem;, detail shop scheduling systems are
therefore defined as being non-integrated
but all of these systems require an

interface, in some cases bi-directional,
with the production adninistration systens
listed above.

The result is an integrated system that, in
summary terns, and identifying the



significant change seen functional
area operates as follows:

PRE-CONTRACT AND FUNCTIONAL DESIGN

within the pre-contract and functional
design phases the objective is to ensure
that the vessel confornms to and will perform
the required tasks with consideration to
function, payload, space, speed, etc.
Typically it involves production of a
prelinminary hull form general arran?emant
drawi n?. and  hasic operational calculations
(see figure 1).
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Figure 1. Contract commencement and the
means to plan, nonitor and
control the contract.

At the time of the contract award cost

estimates are confirmed and entered to the
conputer by ship system for naterial, and by
skill or conposite groupings for |abour.

Prior even to the identification of this
information, it my be necessary to identify
long lead material items and to commence
procurenent of these items. This can be
achieved by direct entry and use of the
requisitioning and procurement facilities
within the system

At contract award a Build Strategy is also
confirmed which defines the Oonpan?/'s pol i cy
as to how construction will take place.

This strategy is applied to the primry
construction zones of the vessel which are
the first level of work breakdown. Here
areas of like difficulty are grouped as a
shipyard standard and are addressed
independently for material identification at
this stage. Typical primary zones woul d
include accommodation areas, nachinery
spaces, cargo spaces erc.,

Wthin each primary zone a further
definition is made as to purchasing or
material ordering zones. This assigns a
series of estimted start dates to each
section of the primary zone that are keyed
to the build strategfy and become the initial
targets for material availability. (See
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Figure 2.
REQUI SI TI ONI NG

In order to allow for the overlapping of
design, procurement and production
activities, the ultimte purpose of which is
to reduce any delays in the production
phase, estimates of the material
requirenents are made from information
available at this stage. These requisitions
are subnitted to the system and are
represented as material lists by system
(MS). When organised correctly, this
interface from CAD'CAM systems can provide a
significant inprovement to the accuracy and
timeliness of the transfer of data at a
critical stage of a contract. The system
however, nust accept that a conplete and
total interface may not be possible, at
least initially, and nust provide the neans
for the submission of data, tailored where
appropriate, according to the type of
material invol ved.

PROCUREMENT

First targets dates targets dates for purchasing

The purchasing departnent is tasked with the
respons[blllt¥ of ensuring that the
quantities of material specified in
requisition form are obtained at the optinmal
cost and quality in the time frame

desi gnat ed.

It is the purchasi n%. departnents role to
open inquiries on this material from
preferred (best) suppliers keyed to the
delivery dates required. The computer
system assists in this Process by virtue of
a link between the Sue\ﬁier files and

material requisitions which shows the range
of products or raw material offered, past
erformance and lead time for delivery.

his information combined with the delivery
dates required prompts for action on
inquiries, quotations and orders.

Having undertaken this process by using
system facilities and having received
quotations from suppliers on cost and |ead
time this informtion is added to the data
available within the system The purchasing
department is now in a position to place
orders by the conmbination of requisition,
quotation information and part
specification. The data available is



suPpIerrented, where appropriate, by textual
information detailing and anplifying the
specification of mterial and quality
expectations.

Wile this represents the sinplest form of
procurement, to a contract specific
requisition, the conputer system nust also
provide for other nethods of raising
requisitions or the handling of orders.

Stock material, maintained at specified
levels, is nonitored by the system as to
reorder level, economic order quantity and
lead time against the demand in production.
The system raises requisition and pronpts
procurement for action to ensure tinely
repleni shnent. A sub-system for cyclical
inventory nust also be available, monitoring
on value and frequency of use.

Certain orders wll be placed specifically
as detailed above but for other material the
system provides the ability to group
requisitions and/or demand to form a
contract wide order. Wthin this facility
options are utilised to release partial
orders of the total requirement keyed to the
timng and use of the material at a selected
level within a single contract or across all
contracts currently in build.

The nmost inportant aspect of this part of
the system must be its caﬁablllty.to
recognise any change in the quantities
associated wth requisitions or by
production demand as it is detailed and
specified in the product work breakdown of
interim products. Wen these changes or
discrepancies are identified then the system
pronpts the purchasing departnent to respond
to the change thereby maximising the
possibility of full material availability to
production departnents.

THRANSITTIONAL AND DETALL, DESIGN

Concurrent with the procurement inquiry and
quotation process the transition from the
initial system oriented view of the vessel
to a product oriented identification of work
is being defined. This entails the
identification within each primary zone of
units or blocks and mjor outfit “modul es.
The required sequence of the erection and
installation of these entities wll be
determined by the use of planning systens.
Several iterations of the contract plan may
be produced by these systems before an
agreed plan produces an interface to the
production administration system identifying
the units of the build process and the
planned start and end dates of each. This
interface will be bi-directional as
completions of work, at the level specified
bK the shipyard, wll be comunicated from
the production adnministration systems to
update the contract plan in the contract
managment planning system

In turn, these units are subnitted to a
process analysis and detail design stage
where conponents of a unit are
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identified and the availability of the unit
for work or access (known as a stage) is
determned (see figure 3).
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identification in a

Figure 3. Mterial
oriented breakdown.

product

The conputer system as part of the
introduction of this work breakdown, .
provides a number of options to enable this
specification of material to be made. It
has been the experience in UK shipyards that
it is very difficult to nove to early work
package definition in one step. Accordingly
the system recognises this di ficult.%/. and
provides facilities to allow identification
of material either at unit or block Ievel,
stage and work package. Additionally all
subsequent nmateri al handlmP al so recogni ses
this interim stage of development and
provides a corresponding level of facilities
within each functional area of the system
Finally, discreet WEackages of work are
identitfied which when performed in the

desired sequence will produce the necessary

interim products required for assembly,
erection and installation at the appropriate
stage in the construction of either further

interim products or a unit or nodule.
Material requirenents both for in house
manufactured and purchased itens are

identified during this phase and are
assigned to the work package (see figure

PROCESS ANALYSS

R

f’:}. I+ -i?!'p'

TEST & TRIALS I

CORMIMIONMS
IROCTMAES

Figure 4. Definition of work content and
work packages.




Process analysis to the work package |evel
will also deternine the volume of work
associated with each work package and will
establish, from shipyard performnce
criteria, the mnhour targets (see figure
5).

Work package material list I SHIP SCHEDIKE

I INSTALLATION WORK PACTAGE FITTING LIST

WORKSTATION DRAWING

5 o6 o8

F77

Yo T=WI2, LTV,

Figure 5 Detailing of work packages
The work package becomes the focal point for
all work within a production environnent.

Each work package now contains material

lists, manhour targets, location of work,
start date, etc., From this information the
demand for material and |abour availability

can be determined, the progress of work to
timescale can be nonitored and a forecast to
conpl etion can be calculated (see figure 6).

Demand for Manufacture
Purchased Pants Manufactured Parts
\ / Dates
Material List
. WORK
Marshalling -~ PACKAGE o Work Contert
Location
Work Instruction
/ \ Information
Resource Scheduling Labour Costs
| abor ? Facilities cost Reports Forecasts

Figure 6. Wrk package inplications.

The computer system fully supports this
process and provides a number of options to
accormodate varying degrees of skill in
attaining this product work breakdown.
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Perhaps the nost efficient option being a
second interface to CAD/CAM computer systens
where detailed work instruction drawng
conplete with material identification Is
interfaced and related to the work package.

For its own Earts and by using the work
package as the prirrari/. source of data, the
system has the capability anongst a nunber
of other facilities to aggregate mterial
required as a result of the detail design

process. This data, which defines the
specific mterial requirements of the
contract, is conpared to those quantities

held in the system oriented requisitions
being processed by the Purchasing
department. Advice is forwarded to the
purchasing departnent in the form of reports
or via conputer terminals as to where a
shortfall has been detected and remedial
action iswarranted. This facility is also
available at unit and stage level to ensure
early confirmation of quantities for

procur enents.

MATERIAL  HANDLI NG

As the process of design and procurement
advances and the schedules for production
are advance, the flow of materials into the
shipyard will comence. It is necessary to
receive and inspect these mterials for
initial acceptance. Subsequently the

material nust be stored and the location
recorded for future use. In turn as the
material is required in production it nust

be withdrawn from its store and palletised
and shipped to the production work site.

Again the conputer system supports this
standard business practice by providing
termnal access to data for recording of
receipt and inspection and the status
accorded the material at that time
Rejections are recorded and reported to the
expediting and purchasing departnents. the
location(s) of the material storage are
recorded on the system and the material is
recognised as being in inventory for use
upon production demand.

Also contained within the system is a method
of applying cycle inventorg for stock itens
and those shipyard standards maintained
stock items in order to provide a margin of
safety stock or inventory. The system
provides facilities based upon a
classification of usage to ensure that
Ehrsic.al inventory is reconciled to that
eld in the conputer files and financial
accounts.

In advance of the production demand,

routines will provide a pre-marshalling
audit of all mterial required for a work
package. ~ These routines will produce

reports for use by expediting personnel
identifying any deficiencies determined by
this process.

In due course and according to schedul ed
dates, marshalling of naterial is required
to fulfil in house manufacturing or work



package requirements., The system produces
reports that identify the material required,
including mill mark for steel plates and
sections, the location and quantity of the
material (including steel stockyard handling
- routines), the pallet identification,
shipping destination and requirement date.
The stores personnel marshal and ship the
required pallets to the production
environment where assigned staff accept and
record the receipt of complete work package
material lists, This triggers the
withdrawal or issue of material from
inventory within the system.

The effect of the computer system in this
area, when coupled with procurement and
product work breakdown data s is a
significant improvement in the provision of
complete material packages for use by
production. Stores personnel have the
opportunity to organise material far more
effectively than in the somewhat informal
Methods prevalent in the issuing of material
in a traditional builg process. This
ability is significantly aided by the ready
availability of data on the requirements,
the storage location and material
identification that the computer system
provides,

PRODUCT DEMAND

As has been stated earlier, the product
breakdown has been organised and scheduled
at unit, stage and work package levels in
accord with shipyard strategy and key dates
of planning determined in the specific build
strategy. At the lowest level of work
package however, certain items are specified
as in house manufactured components. Each
of these components has a product structure
of the individual piece parts required to
form the completed item and each is
associated with a process necessary to
complete this work. Within each process the
operations while not identical my be
similar and are knwon as part family
operations and are the basis for the
application of group technology.

Within the system each of these parts to be
manufactured is identified and the
components required are also known. The
system also relates this manufacturing
process to a particular part family, the
location of work, sequence of operations and
standard lead time. :

Based upon the product work breakdown
requirement dates, the system collates and
groups, based upon a selected horizon, the
loading on each manufacturing centre and
issues a demand to detailed shop
scheduling. Since the grouping of demard is
a theoretical load the manufacturing
facilities have the ability to group the
items into manufacturing work packages that
are asscciated with part family and
requirement date, Marshalling instructions
for the raw materials, including nesting
identification for steel, is issued to
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stores for their action. At the completion
of the production runs, the ouput from
these work packages are accepted and
recorded by Stores persomnel as available
inventory and the storage location or
holding area is appended. This process is
repeated through the build cycle of a vessel
and the computer system is used to
coordinate the various manufacturing
facilities via the production demands.

This process provides a better control
mechanism for manufacturing as they are able
to gauge the demand upon their facility by
the selective use of current and projected
manufacturing demand.

COST' CONTROL

The preceding sections have dealt primarily
with the process required to progressively
complete the build of a vessel. Just as
important during this process is the
monitoring and control of costs associated
with the contract.

To this end the computer system provides a
number of facilities to aid this task and

wherever possible uses activities described
earlier to trigger the collection of costs.

In the first instance the contract estimates
are entered to the system and are recorded
as material and services costs or shipyard
labour costs at the level of cost control
required by the shipyard.

In the case of material and services costs,
the accrual of actual cost against these
estimates is generated to the costing
portion of the systm by facilities that
recognise the trigger action. Thus as
purchase orders are issued, as receipts are
confirmed, as issues to contract are made
and when a suppliers invoice is authorised
for payment the system generates
transactions to post and record the
associated cost value. The net effect being
that material costs can be monitored against
contract estimates (including post contract
award amendments) as committed cost, cost
and duration of material inventory, cost of
actual material issues and actual cost paid
to suppliers.

Similarly the manufacturing process attracts
both material and labour cost in the
production of in house manufactured items.
These costs are also recorded and the system
provides several options on the final cost
distribution either to a manufacturing
centre or as contributary costs to the
provision of material to work packages.

The work operations when performed, attract
material issued cost and labour cost which
is retained as both manhours and in a
monetary mammer. This latter method also
has options which include interfaces to
payroll for actual costs or by use of
departmental standard rates which can
include overhead cost ratios.



As material and labour are incurred by the
conpletion of work packages the system nust
provide alternate forms of cost reporting.
Firstly, based upon contract estimating, the
system can apportion costs incurred to a
work package across the conponent systens
held within that work package.
Alternatively, these costs can be recorded
by skill group or trade where contract
estimates are made on this basis. Material
costs are hbooked directly to the system to
which they apply as the computer ascertains
the system identity across the conponents
with in a work package. Al of these costs
are monitored and controlled against the
contract estimates as entered at contract
commencenent amendnents to
cont ract

and subsequent
when appl i cable.

The second cost reporting form is by
aggregation of work packages to stage and
unit level. This is especially inmportant in
respect of mnhours as work content
estimtes and therehy target manhours for
the contract have bheen nmade across all units
either at unit level or following detail
design to the work .packa?es form n% t hat
unit. This aggregation of hours allows for
forecasting of manhours to conpletion and
the likely cost and delivery tinmescale. The
forecast is based upon one of a number of
options that can be selected by a shipyard.
Typical is the use of actual performance to
date on work conpleted against the
corresponding targets. This is used to
calculate a ratio which is then applied to
the remainder of inconplete or future

units. The target hours for these future
units can be nodified by a shipyard to
reflect performance or ~productivity factors
organi sed by labour skill group. These
m)lfylng factors can be applied to

acknow edge current levels of performance as
opposed to the levels attained when the
contract commenced.  These same manhour
recordings are also used to nonitor against
performance indices by skill group and cost
centre.

In this managenent reporting area, the use
of a fourth generation |anguage proves nost
valuable. Wile the base data can be
defined and maintained in a fairly standard
manner, the variations of reporting against
this data can vary widely. This is true
from shlﬁyard to Shipyard and also within a
Si nFIe shipyard dependant upon the stage of
inplementation of shipbuilding technol ogy
and the conputer systemitself. The data,
col lected and recorded once, can be viewed
froma number of directions and can be
reported on according to departnental

requi renents. The fourth generation
language can be used to provide the
variation of reports in a tinely manner
and can be used to modify the sane just as
quickly as experience or a changing
environment  dictates.

Vhile the above discussions have centred on
contract related costs, it is also inportant
to recognise that the indirect departnents

should also be able to utilise the same
conputer system This ensures that everrone
is using the sane form of recording and the
ability to procure, control and cost all
items ‘can be represented from the same
source for the entire shipyard.

Suppliers invoices nust also be verified
against the purchase order and receipt of
material. Invoice registration provides
this opportunity to match invoices on agreed
cost and quantity and posts the actual cost
to the cost ledger. The invoice is
interfaced to an accounts payable system
within the financial systens for appropriate
processing and paynent.

A points in time determined by a shipyard,
the cost ledger is summarised and
interface to a general ledger is created and
contract costs are entered to the
appropriate accounts within that

SUMVARY

system

The previous sections have dealt with the
approach to product oriented shipbuilding in
a summary form Correspondingly, the
references to the function and facilities
within conputer s¥/stem; do not do justice to
the full ranﬁe of transactions, data
handling techniques, interfaces, expediting
activity and reporting that have been
included within the systens.

[t is fair to point out that following the
initial definition and inplementation. the
system have been developed in close
consultation with shipyards who are applying
product oriented techniques. These conputer
systems are in use in these shipyards and

have in fact been instrumental 1n some cases
in the successful adoption of these
principl es.

As in the case in every industry, one

conpany will vary to a certain extent from
another involved in producing very simlar
products. As stated earlier this is

acknow edged by the fact that the systens
are developed in a fourth generation
language and database manager  which enables
the system to be custonmised far nmore easily
than has been the case with traditional
conputer system packages. A by-product of
this ease and rapidity of developnent allows
a shipyard, even with its own personnel, to
specify the format and content of reports or
computer terminal displays where that
provided with in the system does not
correspond closely enought to |ocal

requi renents.

Inplementation of systems nust also reflect
both business considerations and human
factors present in a shipyard. The system
while it is primrily a fully integrated
shipbuilding solution™ also nust have the
flexibility to allow introduction of the
functions on a modular basis.

Conputer systems using the nost current



conputer techniques, enhance and facilitate
the introduction and continuing devel opment
of product oriented shipbuilding together
with the admnistrative tasks required in a
business  environnent.
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